Background/Aims: The activation of hepatic stellate cells (HSCs) is considered as a pivotal event in liver fibrosis and epithelial-mesenchymal transition (EMT) process has been reported to be involved in HSC activation. It is known that microRNAs (miRNAs) play a pro-fibrotic or anti-fibrotic role in HSC activation. Recently, emerging studies show that miR-30a is downregulated in human cancers and over-expression of miR-30a inhibits tumor growth and invasion via suppressing EMT process. However, whether miR-30a could regulate EMT process in HSC activation is still unclear. Methods: miR-30a expression was quantified using real-time
Introduction
Liver fibrosis, which could be caused by viral hepatitis, alcohol (non-alcoholic) steatohepatitis and several other etiologies persistent damage and stimulation, is a major cause of morbidity and mortality worldwide. With the progression of liver fibrosis, it may further develop into liver cirrhosis and hepatocellular carcinoma, leading to a major public health concern [1] . Liver fibrosis, characterized by accumulated extracellular matrix (ECM) proteins such as type I collagen, may occur in almost all patients with chronic liver diseases [2] . In China, there are far more than 93 million people infected with hepatitis B virus [3] . Therefore, it is urgent to explore an effective treatment for liver fibrosis.
It is well known that activated hepatic stellate cells (HSCs), playing a pivotal role in the development of liver fibrosis, are mainly responsible for the excessive accumulation of ECM proteins in the liver [4] . Generally, HSCs are quiescent in the normal liver. Upon response fibrogenic stimuli, quiescent HSCs will develop into proliferative and fibrogenic, leading to an imbalance between ECM proteins generation and their degradation in liver fibrosis. Recently, increasing evidence shows that the activation of HSCs is considered as an epithelial-mesenchymal transition (EMT) phenomenon, which is defined as the process whereby epithelial cells gradually lose their epithelial signatures, while acquiring the characteristics of mesenchymal cells [5] . Emerging evidence suggests that activated EMT process contributes to HSC trans-differentiation and liver fibrosis. For example, Choi et al. previously found that leptin promotes the myofibroblastic phenotype in hepatic stellate cells by Hedgehog-enhanced EMT process [6] . Our previous studies demonstrated that lncRNA-PVT1 epigenetically down-regulates PTCH1 expression via competitively binding microRNA-152 (miR-152), contributing to EMT process in liver fibrosis [7] . Therefore, inhibiting EMT process in liver fibrosis may be an effective therapeutic strategy.
miRNAs are single stranded, small non-coding RNAs molecules that induce target mRNA degradation and repress mRNA translation by interacting with the 3'-untranslated region (3'-UTR) of target genes [8] . It is known that abnormal expressions of miRNAs could be found in a variety of human diseases such as cancers and liver fibrosis [9, 10] . Notably, numerous studies have already shown that miRNAs are involved in HSC activation and may act as regulators of HSC activation [11] [12] [13] [14] [15] . For instance, Tu et al. found that miR-101 suppresses liver fibrosis by targeting the transforming growth factor-beta (TGF-β) signalling pathway [16] .
miR-30a, located on human chromosome 6q.13, is a member of the miR-30 family and has been reported to participate in various cellular processes [17, 18] . A growing body of evidence suggests that miR-30a is down-regulated in fibrotic livers and acts as a key regulator in myocardial fibrosis and peritoneal fibrosis [19] [20] [21] . It has been demonstrated that miR30a can ameliorate hepatic fibrosis through suppressing Beclin-mediated autophagy [22] . Increasing evidence shows that miR-30a contributes to the suppression of EMT process in various cancers [23] [24] [25] . In this study, we aimed to explore whether miR-30a-mediated EMT process is involved in HSC activation.
Materials and Methods

Human Specimens
In this study, 35 
Isolation and culture of rat HSCs
Adult male Sprague-Dawley rats (body weight, 400-500 g) were used for HSC isolation as described previously [26] . Cells were cultured in Dulbecco's modified Eagle's medium supplemented with 10% fetal bovine serum, 100 U/ml penicillin and 100 U/ml streptomycin. The purity of cultures was confirmed by immunocytochemical staining for α-smooth muscle actin (α-SMA) and the purity reached > 98%. The harvested primary HSCs were studied at day 0 after isolation throughout all the studies. Primary HSCs at Day 0 were transfected with miR-30a mimics or the negative control (miR-NC) for 48 h using Lipofectamine RNAiMAX at a final concentration of 10 nM.
Carbon tetrachloride (CCl 4 ) liver injury model
Adult male Sprague-Dawley (180-220 g) rats were provided by the Experimental Animal Center of Wenzhou Medical University. Liver fibrosis was induced by administration of 2 ml of CCl 4 /olive oil (1:1, v/v)/ kg body weight by intraperitoneal injection twice weekly for up to 6 weeks [27] . Rats were randomly divided into four groups, including olive oil (n=6), CCl 4 (n=6), CCl 4 plus the lentiviral vector containing negative control (Lenti-NC) (n=6) and CCl 4 plus lentiviral miR-30a mimics (Lenti-miR-30a) (n=6), respectively. LentimiR-30a and Lenti-NC were obtained from Shanghai GeneChem. Lenti-miR-30a or Lenti-NC was injected via the tail vein only once at three weeks after CCl 4 injection (1×10 9 transducing unit/100 μl). After the following 3-weeks CCl 4 treatment, the rats were sacrificed. The experimental protocol was approved by the Institutional Animal Committee of Wenzhou Medical University. All animals received care in accordance with 'Guide for the Care and Use of Laboratory Animals'. All rats were sacrificed under anesthesia at the end of six weeks and the livers were removed for further analysis. The liver tissues were used for Masson staining by fixation with 10% formalin. Quantitative analysis for the Masson-positive area was calculated from five fields for each liver slice.
Immunohistochemistry and Serum ALT analysis
Immunohistochemical staining was performed on the sections (3 μm thick) from the liver tissues, as described previously [28] . Briefly, after deparaffinization, hydration, and antigen retrieval, samples were incubated overnight at 4°C with a primary antibody against α-SMA (1:100) and then with a biotinylated secondary antibody. α-SMA expression was visualized by 3, 3'-diaminobenzidine tetrahydrochloride (DAB) staining. Slides were counterstained with hematoxylin before dehydration and mounting α-SMA-positive areas within the fibrotic region were then observed. Quantitative analysis was calculated from five fields for each liver slice. Serum ALT level (Sigma-Aldrich, cat# MAK052) was according to the manufacturer's protocols.
Transwell migration assay
Cells were placed in the top chamber of transwell migration chambers (8 μm; Millipore, Billerica, MA, USA). After 48 h, cells which had not migrated to the lower chamber were removed from the upper surface of the transwell membrane with a cotton swab. Migrating cells on the lower membrane surface were fixed, stained, photographed and counted using a microscope at ⨯100. Experiments were assayed in triplicate, and ≥5 fields were counted in each experiment.
Proliferation assay
Cell proliferation was assessed using CCK-8 (Dojindo, Kumamoto, Japan) according to manufacturer's instructions. Cells were seeded in 96-well plates at a density of 1×10 3 cells per well and cultured for 24 h. Next, cells were transfected with miR-30a mimics. After 48 h, CCK-8 solution was added to each well in the 96-well plates. Then, cells were incubated for additional 2 h at 37°C. Absorbance was determined at 450 nm on a microplate reader (Molecular Devices, Sunnyvale, CA, USA). Furthermore, HSCs were labelled with EdU for 12 h. HSC proliferative rate was detected using a Cell-Light™ EdU In vitro Imaging Detection Kit (Guangzhou RiboBio Co., Ltd., cat# C10310-1) according to the manufacturer's instructions. 
Quantitative real-time PCR (qRT-PCR)
Total RNA was extracted from liver tissues and cells using miRNeasy Mini kit (Qiagen, Valencia, CA, USA) according to manufacturer's instructions. Gene expression was measured by qRT-PCR using SYBR Green real-time PCR Master Mix (Toyobo, Osaka, Japan), and a set of gene-specific oligonucleotide primers (snail family transcriptional repressor 1 (Snai1): forward 5′-GCAGAGTTGTCTACCGACC T-3′, reverse 5′-AGGTGAACTCCACACACGC-3′; E-cadherin: forward 5′-CCAC CAGATGACGATACCCG-3′, reverse 5′-GAATCACTTCCGGTCTGGCA-3′; Vimentin: forward 5′-TCCTTCGAAGCCATGTCCAC-3′, reverse 5′-GTGGTC ACATAGCTCCGGTT-3′; TGF-β1: forward 5′-GACTCTCCACCTGCAAGACC-3′, reverse 5′-GGACTGGC GAGCCTTAGTTT-3′; glial fibrillary acidic protein (GFAP): forward 5′-TTGACCTGCGACCTTGAGTC-3′, reverse 5′-GAGTGCCTCCT GGTAACTCG-3′. In addition, the primers of alpha-1 (I) collagen (Col1A1), α-SMA, GAPDH and U6 were designed as described previously [29] . miR-30a expression was detected using the TaqMan MicroRNA Assay (Applied Biosystems, Foster City, CA). The GAPDH and U6 levels were used to normalize the relative abundance of mRNAs and miR-30a, respectively. The expression levels (2 −⊿⊿Ct ) of mRNAs and miR-30a were calculated as described previously [23] .
Western blot analysis
Equal amounts of protein were subjected to sodium dodecy1 sulphate-polyacrylamide gel electrophoresis and then transferred onto membranes. The membrane was incubated with primary antibodies overnight at 4°C, then secondary IRdye800-conjugated goat anti-mouse IgG or goat anti-rabbit IgG at 37°C for 1 h. Antibody binding was detected using an Odyssey infrared scanner (Li-Cor Biosciences Inc., Lincoln, NE, USA).
Luciferase activity assay HEK293T cells were co-transfected with either luciferase reporter plasmid harboring wild-type Snai1 3'UTR (pmirGLO-Snai1-Wt) or mutant Snai1 3'UTR (pmirGLO-Snai1-Mut) together with miR-30a mimics or miR-NC. The 3'UTR of Snai1 was cloned downstream of the firefly luciferase gene. Whether the activity of firefly luciferase is down-regulated or not is depended on the interaction between miR-30a and the 3'UTR of Snai1 mRNA. Approximately 48 h after transfection, the cells were harvested and luciferase activity was determined by a luminometer using a Dual-Luciferase Reporter Assay System (Promega, Madison, WI, USA).
Statistical analysis
Data from at least three independent experiments were expressed as the mean ± SD. Differences between multiple groups were evaluated using one-way analysis of variance. Differences between two groups were compared using a Student's t-test. P <0.05 was considered significant. All statistical analyses were performed with SPSS software (version 13; SPSS, Chicago, IL).
Results
Down-regulation of miR-30a in liver fibrosis
To gain insights into the possible involvement of miR-30a in liver fibrosis, miR-30a expression was firstly detected in liver tissues from patients with cirrhosis and healthy controls. Compared with healthy liver tissues, miR30a expression was obviously reduced in cirrhotic tissues (Fig. 1A) . Primary HSCs were iso- 
lated from the livers of healthy rats and cultured for up to 4 days. Generally, isolated primary HSCs cultured on plastic will gradually become an activated myofibroblastic phenotype during culture days. Next, miR-30a expression was detected in primary rat HSCs during culture days. With time in culture, our results showed a significant reduction in miR-30 level in primary HSCs (Fig. 1B) . miR-30a expression was additionally examined in CCl 4 -induced rat liver fibrosis model. In comparison with the control, miR-30a was down-regulated in the livers of CCl 4 rats (Fig. 1C) . In line with it, down-regulation of miR-30a was found in primary HSCs isolated from CCl 4 rats (Fig. 1D ). These data suggest that miR-30a is down-regulated during liver fibrosis.
Restoration of miR-30a ameliorates liver fibrosis in vivo and in vitro
To investigate the biological roles of miR-30a in liver fibrosis, the effects of miR-30a overexpression on CCl 4 -induced liver fibrosis were explored. The results of Masson staining indicated that accumulated collagen expression induced by CCl 4 was inhibited by miR-30a ( Fig.  2A) . As shown by immunohistochemical images, CCl 4 -enhanced α-SMA by was suppressed by miR-30a (Fig. 2B) . Consistent with these, the mRNA levels of α-SMA and Col1A1 induced by CCl 4 were blocked down by miR-30a (Fig. 2C) . Interestingly, miR-30a had no effect on ALT value (Fig. 2D) . In CCl 4 rats, miR-30a over-expression led to a significant increase in miR-30a in the livers as well as primary HSCs (Fig. 2E and Fig. 2F) . Notably, in isolated HSCs from CCl 4 rats with miR-30a over-expression, miR-30a resulted in an increase in GFAP (epithelial mark- er) and a decrease in TGF-β1 (myofibroblastic marker) (Fig.  2G) . Our data demonstrate that restoration of miR-30a may ameliorate liver fibrosis in vivo via inhibiting EMT process in HSCs. Generally, HSC activation is characterized by enhanced cell proliferation, over-production of ECM, and de novo synthesis of α-SMA [30] . In order to confirm the antifibrotic roles of miR30a in vitro, primary HSCs were transfected with miR-30a mimics. miR-30a mimics led to a significant increase in miR-30a (Fig. 3A) . As shown by CCK8 assays, our results indicated that compared with the control, miR-30a resulted in a significant reduction in cell proliferation (Fig. 3B) . EdU assays additionally confirmed an inhibitory role of miR-30a in cell proliferation in primary HSCs (Fig. 3C) . Moreover, we assessed the effects of miR-30a on α-SMA and collagen expression. miR-30a led to a reduction in the mRNA levels of α-SMA and Col1A1 in miR-30a-over-expressing cells (Fig. 3D) . Accordingly, immunoblot analysis demonstrated that miR-30a over-expression contributed to the suppression of the proteins of α-SMA and type I collagen (Fig. 3E) . Our results suggest that miR-30a contributes to the suppression of HSC activation. 
miR-30a over-expression inhibits HSC activation through EMT process
Further studies showed that down-regulated HSC migration was found in cells with miR-30a over-expression (Fig. 4A) . Next, we explored whether EMT process was involved in the effects of miR-30a on HSC activation. Our results indicated that miR-30a led to a reduction in TGF-β1 mRNA and an increase in GFAP mRNA (Fig. 4B) . Consistent with the mRNA results, reduced TGF-β1 and increased GFAP were found in miR-30a-over-expressing cells, as demonstrated by immunoblot analysis (Fig. 4C and Fig. 4D ). In addition, E-cadherin (epithelial marker) and Vimentin (myofibroblastic marker) was examined in miR-30a-overexpressiong cells. Restoration of miR-30a led to an increase in E-cadherin as well as a reduction in Vimentin (Fig. 4B-4D ). These data demonstrate that miR-30a suppresses EMT process in HSC activation. 
miR-30a inhibits EMT transition through targeting of Snai1
To explore the molecular mechanism of miR-30a in regulation of EMT process during HSC activation, bioinformatic analysis (miRDB) was employed to identify the potential targets of miR-30a. Notably, Snai1, a known transcriptional repressor of E-cadherin and modulator of EMT process, was predicted as a putative target of miR-30a (Fig. 5A) . Next, the 3'UTR target sequence of Snai1 mRNA was cloned into the pmirGLO plasmid to confirm whether miR-30a could directly regulate Snai1 expression via the predicted binding site. As shown in Fig. 5B , miR-30a mimics resulted in a significant reduction in luciferase activity of pmirGLOSnai1-Wt. Meanwhile, miR-30a mimics had no effect on the luciferase activity of pmirGLOSnai1-Mut (Fig. 5B) . Therefore, Snai1 is a target of miR-30a. Moreover, the effects of miR30a on Snai1 expression were examined in vitro. miR-30a induced a significant reduction in Snai1 protein with no effect on Snai1 mRNA, indicating that Snai1 is post-transcriptionally regulated by miR-30a (Fig. 5C and Fig. 5D ). Further studies were performed to detect Snai1 protein expression during liver fibrosis in vivo and in vitro. Snai1 protein in the liver tissues from patients with cirrhosis was higher than that of healthy controls (Fig. 5E) . Also, there was a significant increase in Snai1 protein in primary HSCs during culture days (Fig. 5F ). Our previous results demonstrated that miR-30a was down-regulated in liver fibrosis, indicating that there was a negative correlation between miR-30a and Snai1 protein. Consistent with these, Snai1 protein was increased in the livers of CCl 4 rats, which was inhibited by miR-30a (Fig. 5G) . In primary HSCs isolated from CCl 4 rats, miR-30a also contributed to the suppression of CCl 4 -induced Snai1 protein (Fig. 5G) . TGF-β1 could promote EMT by stimulating Snai1 and suppressing TGF-β1-induced Snai1 may contribute to inhibit EMT process [31] . Next, the relation between TGF-β1 and miR-30a was examined. We found that TGF-β1 treatment induced a significant reduction in miR-30a (Fig. 5H) . In vitro, miR-30a resulted in the suppression of TGF-β1 expression (Fig. 4B-4D ). In addition, miR-30a led to the suppression of TGF-β1 in the livers of CCl 4 rats as well as in primary HSCs isolated from CCl 4 rats (Fig. 2G and Fig. 5I ). Taken together, all these results suggest that EMT transition could be blocked down by miR-30a, at least in part, through Snai1.
Discussion
At the present study, our results showed that miR-30a was down-regulated in activated HSCs as well as fibrotic liver tissues. In vitro, restoration of miR-30a contributes to the suppression of HSC activation including the reduction of cell proliferation, α-SMA and type I collagen. Similarly, miR-30a ameliorates CCl 4 -induced rat liver fibrosis, indicating an inhibitory role of miR-30a in liver fibrosis. Notably, EMT process was involved in the effects of miR-30a in HSC activation. Due to restoration of miR-30a, EMT process was inhibited in miR-30a-overexressing cells, with a reduction in TGF-β1 and Vimentin as well as an increase in GFAP and E-cadherin. Moreover, HSC migration was significantly reduced by miR-30a. We demonstrate that miR-30a could regulate EMT process in HSC activation and this is a first report. miR-30a, described as a tumor suppressor, is generally down-regulated in cancers. For example, up-regulation of miR-30a inhibits liver cancer cell proliferation and induces apoptosis through MTDH/PTEN/AKT pathway [32] . A recent study confirms that miR-30a functions as a tumor suppressor in gastric cancer via targeting COX-2 and BCL9 [33] . In this study, miR-30a was reduced in liver fibrosis, similar with the results in cancers [32, 33] . Recently, Chen et al. found that miR-30a over-expression results in the suppression of liver fibrosis by inhibiting Beclin1-mediated autophagy [22] . Our results indicated that miR-30a acts as a suppressive factor in HSC activation, which was consistent with the previous study [22] . Of note, we demonstrate that miR-30a-mediated EMT process is involved in the antifibrotic effects of miR-30a in HSC activation.
Increasing evidence demonstrates that restoration of miR-30a contributes to the suppression of EMT process in various cancers and fibrotic diseases [24, 34, 35] , indicating Cellular Physiology and Biochemistry
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an inhibitory role of miR-30a in EMT. Generally, TGF-β1, Vimentin, E-cadherin and GFAP are considered to be important EMT markers. Many EMT inducers, including transcription factors such as Snai1, Snai2 and ZEB1, have been reported to function via suppressing E-cadherin [36] . In addition to E-cadherin repression, Snai1 also down-regulates other epithelial markers and up-regulates mesenchymal markers [36, 37] . In this study, we found that Snai1 is a target of miR-30a, as confirmed by luciferase reporter assays. Our results also demonstrated that miR-30a suppressed Snai1 protein in vitro and in vivo. Accordingly, miR-30a suppressed EMT process in vitro and in vivo. Combined these, miR-30a-mediated EMT process may be through Snai1. It was found that miR-30a was down-regulated in liver fibrosis, whereas Snai1 protein expression was up-regulated. There was a negative correlation between miR30a level and Snai1 protein expression. Due to the reason that TGF-β1 can promote EMT by stimulating Snai1, the effect of miR-30a on TGF-β1 was explored. miR-30a was found to suppress TGF-β1 expression in liver fibrosis, suggesting that TGF-β1-enhanced Snai1 may be also inhibited by miR-30a. Interestingly, TGF-β1 treatment attenuated the level of miR-30a in HSCs. These data further confirm that miR-30a is down-regulated in liver fibrosis. Taken together, miR-30a inhibits EMT process in HSC activation, at least in part, via targeting Snai1.
Conclusion
The present study suggests that up-regulation of miR-30a suppresses EMT process, at least in part, through inhibiting Snai1, contributing to the suppression of HSC activation in liver fibrosis.
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